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FOREWORD 



The data presented in this report result from a joint prograiii undertaken 
by the Ontario Ministry of the Envlroninents' Great Lakes Section, Water 
Resources Branch and the Water Resources Assessment Section, West 
Central Region to determine: (i) the concentration and distribution of 
contaralnants in sediments of Ontario Hydro's Sir Adam Beck Power 
Reservoir in Queenston; and (ii) the concentration of contaniinants in 
material commercially dredged from the Niagara Bar at the outlet of the 
Niagara River, 



The Reservoir samp Ting was carried out in anticipation of a 
recommendation which was to appear in the 1984 report of the Niagara 
ttver Toxics Committee (i.e. that samples be taken in both the Canadian 
and U.S. power reservoirs to determine if the bottom sediments 
constitute a potential source of contaminants to the lower Niagara 
River, and if so, what remedial action may be appropriate). Sampling of 
Niagara Bar dredged material stemmed from Regional concern over the 
chemical quality of material collected from an area potentially impacted 
by Niagara River contaminants and therefore its subsequent use, as well 
as the potential for resuspension of contaiilnants during dredging 
operations and their subsequent Impact on Lake Ontario water uses. 



A draft of this report and data were provided to the MOE Regional Office 
In October 1985 and a final draft was provided to the provincial -federal 
Niagara River work team during 1986 for their use in the preparation of 
the Niagara River Remedial Action Plan. 

A final draft of this report has also been submitted to the 
International Joint Commission as part of the Ministry's contribution to 
the Niagara Task Force report (Water Quality Board Report - Appendix B) 
to be released in 1987. 
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1.0 SUNMAIY OF FINDINOS 

In November, 1983 the Great Lakes Section and West Central Region of the 
Ontario Ministry of the Environment (MOE) conducted a survey to 
determine: 1) the concentration and distribution of eontaminants 1n 
sediments of Ontario Hydro's Sir Adam Beck Power Reservoir and, ii) the 
concentration of eontaminants in material coramerclally dredged from the 
Niagara Bar at the outlet of the Niagara River. Samples were analyzed 
for Inorganics (tncluding arsenic and heavy metals), solvent 
extractablis (oils and greases), PCBs, organochlorlne pesticides, 
nutrients, percent loss on Ignition and sediment particle size 
distribution. 

Sir Adam Beck Power Reservoir 

Bottom sediments in the Sir Adam Beck reservoir contained levels of 
arsenic, cadmium, chromium, copper. Iron, lead, nickel, silver and zinc 
at levels in excess of the MOE guidelines for open water disposal of 
dredged sediments. When compared to the proposed MOE guidelines on the 
suitability of dredgeate for land disposal, the cadmium and lead 
concentrations in some samples would necessitate restricted land 
disposal. These findings suggest either relatively recent or ongoing 
upstream inputs of particulate-assoclated contaminants, since the latter 
were identified In surficial layers (top 3 cm). Due to the nature of 
water withdrawals for hydro-electric power generation, it Is probable 
that the contaminants mainly originated In the Chippawa Channel and 
reached the reservoir via the Chippawa-Grass Island Pool diversion. 

PCBs were also detected in 43% of the samples from the reservoir, but 
at levels (27-33 ng/g) close to the detection limit and below the open 
water dredged sediments disposal guideline. DOT and its raetabolites DDE 
and ODD were the only organochlorlne pesticides detected in reservoir 
sediments. However, they weri present 1n the majority of samples, at 
concentrations ranging from 2 to 85 ng/g (DDT plus metabolites). The 
presence of these compounds may be due to recent (niegaT) or past 
upstream use and subsequent losses to the aquatic environment, or 
possibly the use of other, DDT-contain1ng insecticides such as dicofol. 
The above findings identify the need for follow-up investigations to: 
identify major sources of individual contaminants and to curtail their 
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Inputs If stm ongoing; to detirmlni the mobility of riservolr 
sediments (1e. their susceptibility to resuspenslon) and the 
avallabnity of their associated contaminants; and to allow calculation 
of the net loading of these contaminants to the lower Niagara River via 
the Sir Adam Beck power plant tall races. 

Niagara Bar Dredgeate 

Samples of material dredged commercially from the Niagara Bar at the 
mouth of the Niagara River contained nutrients, inorganics, solvent 
extractables and organochlorlnes at concentrations which were 
considerably below the MOE guidelines for open water dredged spoils 
disposal and In most Instances, lower than in fresh surflclal sediments 
from the Bar. Since the latter contained some contaminants at levels 
above MOE dredging guidelines (eg. PCIs, Iron) there 1s a need to 
determine the impacts of possible losses of partlcylate-assoclated 
contaminants during the dredging operation. Hexachlorobenzene was the 
only organochlorine compound detected in dredgeate samples (In one of 
three samples at 2 ng/g). 
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1.0 RiSUMi DEB RiSULTATS 

En novembre 198 3, la Section des Grands Lacs et la Region du 
Centre-Ouest du ministere de I 'Environnement de 1' Ontario ont effectue 
une Itude afin de determiner : i) la concentration et la repartition 
dee pollyants contenos dans les sediments du reservoir de la cent rale 
Sir Adam Beck d 'Ontario Hydro? et ii) la concentration des polluants 
contenus dans les mater iaux dragues par une entreprise privee a 
I'endroit connu sous le noiti de "Niagara Bar", a 1 'erabouchure de la 
riviere Niagara. Les echantillons ont ete analyses afin de determiner 
la concentration de matieres inorganiques (dont 1' arsenic et les 
metayx lourds) , de produits pouvant etre extraits a I'aide d'un 
solvant (tels que huiles et graisses) , de BPC, de pesticides 
organochlores et de substances nutritives. Les analyses ont egalement 
porte sur la perte ponderale par combustion, expriroee en pourcentage, 
et sur la repartition des sedinents selon leur taille. 

Le riseicvoii de la centrale Sir Adam Beck 

Les concentrations d'arsenic, de cadmium, de chrome, de cuivre, de 
far, de plomb, de nickel, d' argent et de zinc des sediraents se 
trouvant an fond du reservoir de la centrale Sir Adam Beck depassaient 
les limites fixees par le iiinistere de 1 'Environnement pour 
1 'elimination, dans les etendues d'eau libres, des sediments dragues, 
Compte tenu des limites qu'a proposees le ministere en raatiere 
d' elimination des produits de dragage dans une decharge, les 
concentrations de cadmium et de plomb de certains echantillons sonb 
telles qu'il faudrait restreindre ce type d' elimination. Ces 
'rlsultats semblent indiquer des arrivees relativement recentes ou 
permanentes de polluants amenes, d'amont, par des particules, puisque 
ces polluants ont ete retrouves dans la couche super ficielle (d'une 
epaisseur de 3 cm) . En raison de la nature de 1' alimentation en eau 
de la centrale hydro-electr ique, il est probable que les polluants 
proviennent principalement du canal Chippawa et aient atteint le 
reservoir par le canal de derivation Chippawa-Grass Island Pool. 

Quarante-trois pour cent des echantillons preleves dans le reservoir 
contenaient des BPC dont la concentration (de 27 a 33 ng/g) etait 
p roc he du seuil de detection ma is etait inferieure I la liralte fixee 

la .^ . 



pour 1 'lliiiination, dans les etendues d'eau libres, des sediments 
dr agues. Les seuls pesticides organochlores dont on a detecte la 
prisence dans les sediments du reservoir sont le DDT et ses 
mitabolites : le DDE et le ODD. Toutefoisi dans la pi apart des 
echantillons, leur Goncentration (DDT et metabolites) allait de 2 a 
85 ng/g. La presence de ces composes peut etre le resultat de leur 
utilisation recente (illegale) ou passle en amont avec contamination 
subsequente du milieu aqoatique, ou encore de 1 ' utilisatiQn i'autres 
insecticides contenant du DDT, tels que le dicofol. Ces resultats 
demontrent elairement la necessite d'effectuer d'autres etudes afin t 
d' identifier les sources principales de chaque polluant et d'en 
restreindre I'apport sVil a encore lieu,* de determiner la mobilite des 
sediments dans le reservoir (c.-a-d. leur capacite de retourner en 
suspension) et la presence a I'etat libre des polluants qu'ils 
vehiculent? et de caleuler la charge nette de ces polluants dans la 
partie inferieure de la riviere Niagara a partir du canal de fuite de 
la centrale Sir Adam Beck. 

Materiaux enleves par dragage de la formation "Niagara Bar" 

Les echantillons de materiaux enleves par dragage de la formation 
"Niagara Bar", effectue par une entreprise privee a 1' embouchure de la 
riviere Niagara, contenaient des substances nutritives, des matieres 
inorganigues, des prodoits pouvant etre extra its a I'aide d'un 
sol van t, et des organochlores. La concentration de ces diver ses 
substances etait bien inferieure aux limites fixees par le ministere 
en matiere d' elimination, dans les etendues d'eau libres, des deblais 
de dragage et, dans la plupart des cas, inferieure a celle relevee 
dans les echantillons de sediments superficiels de cette formation. 
Toutefois, comme ces derniers contenaient des polluants dont la 
concentration depassait les limites fixees par le ministere pour les 
materiaux dragues {cas des BPC et du fer, par exemple) , il faudra 
ivaluer les repercussions de pertes possibles, lors du dragage, de 
polluants transportes par des particules. L'hexachlorobenzene est le 
seul compose organochlore dont on a releve la presence dans les 
echantillons de materiaux dragues (dans un echantillon parmi trois, a 
une concentration de 2 ng/g) . 
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2.0 IHTROOUCTION 

2.1 Ontario Water Uses and Contamrnants Sources 

An important management issue regarding the Niagara River is the 
di version and use of water for hydro-electric power generation. 

The Niagara Diversion Treaty, signed in 1950, established the 
flow-sharing arrangement for power generation which currintly exists 
between Canada and the United States. At the sanie time, it provided for 
the preservation and enhancement of the beauty of the Falls. For 
example, the Treaty fequlres that during daylight hours of the tourist 
season (April 1 - October 31), a minimum flow of 2,830 m'^/sec must be 
maintained over the FaTls. At all other times, a minimym flow of 1,410 
m'/sec is required. The remaining water, after municipal and Industrial 
needs are met, Is shared between Canada and the U.S. for power 
generation (Friesen, 1979; NRTC, 1984). 

Five generating stations are located along the Canadian shore of the 
Niagara River with a maximum diversion capability of about 2,350 m^/sec 
(NRTC, 1984). The Canadian Niagara (80,000 kw)*, Ontario Power (135,000 
kw) and Toronto Power (108, 000 kw) stations, situated around the brink of 
the Horseshoe Falls, are now used only for peak power supply. Water 
intakes for these stations are in the Cascades area above the Falls, and 
water is discharged Immediately below the Falls. In contrast, water is 
conveyed to the Sir Adam Beck generating stations Nos. 1 and 2 in 
Queenston from the ChTppawa-Qrass Island Pool area above the Falls via 
two 8.8 km long underground tunnels (up to 1,275 m^/sec) beneath the 
City of Niagara Falls and via the open-cut Queenston-Chippawa Power 
Canal (up to 660 m^/sec). Generating capacities of these two stations 
are 440,000 kw and 1,370,000 kw, respectively, and their tailraces 
discharge to the lower Niagara River at Queenston (Figure 1). The Power 
Canal also receives discharges from mynicipaTitles and Industries 
located In the City of Niagara Falls and along the Wei land River. These 
facilities as well as their Inpyts of contaminants are discussed in the 
Niagara River Toxics Committee report (NRTC, 1984). The entire flow of 
the Wei land River (^^20 m^/sec) Is diverted into the Canal, where it 



designed generating capacity, in kniowatts (source: H-EPCO, 1961) 
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combtnes with the westward-flowing waters of Chippawa Creek ('^640 
m^/sec), (Chippawa Creek water is essentially Chippawa Channel water, 
with additional inputs from some Niagara Falls industries.) 

During the night-time hours of the tourist season, additional water 
becomes available to Canada for power generation. This water is 
diverted, pumped up and stored in the power reservoir associated with 
the Sir Adaiii leek generating stations (Figure 1). The pymp-generating 
station and associated 300 hectare (750 acre) reservoir were corapleted 
in 1954 as an adjunct to Sir Adam Beck No. 2, to utilize any surplus 
energy during low power demand periods (H-EPCO, 1961). The water is 
subsequently released frow the reservoir, (through the 170,000 kw pump 
generator station located at the outflow) during the daylight hours when 
power demand 1s higher. Similarly, additional water which is 
continuously available during the non-tourist season is stored in the 
reservoir during periods of low energy demand (generally nights and 
weekends) and released during periods of high energy demand. 

Therefore, a sizeable proportion of the flow from the Ontario side of 
the upper Niagara River [most of it from the Ch1ppawa-Grass Island Pool 
(J. C. Sands, Ontario Hydro, personal communication; H-EPCO, 1961)] may 
spend some time in the Sir Adam Beck Power Reservoir, which provides a 
relatively quiescent area in which at least a partial settling-out of 
suspended particulates can occur. For exaiiple, using particulate 
concentration data (MOE, 1983), the average daily load of suspended 
particulates carried by the Queenston-Chippawa Power Canal alone was 
about 500 kilograms/day In 1983. The quantity of particulates which 
enter the power reservoir would be expected to vary diurnal ly and 
seasonally, as well as with power needs and the source (quality) of the 
water . 

Many hydrophobic contaminants, both inorganic and organic, can become 
adsorbed or attached to various types of inorganic or organic particles 
or aggregates (Hakanson, 1984) and, given sufficient time to settle out, 
these materials would tend to accuraulate in the reservoir's bottom 
sediments. Similarly, the Robert Moses reservoir in New York State may 
also be a sink for contaminants originating further upstream on the 
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American side. Consequently, the Report of the Niagara River Toxlci 
Committee (1984) recommended that sediment cores be taken in both power 
reservoirs and that they be radlodated and chemically analyzed to 
determine if the reservoirs' bottom sediments constitute a potential 
source of contaminants to the lower Niagara River, and if so, what 
remedial action may be appropriate, 

2.2 Lower Niagara River Sediment Quality and Use 

Previous Investigations indicated that surflcial sediments of the lower 
Niagara River are contaminated with a number of inorganic and organic 
contaminants (Kauss, 1983; Kuntz, 1984; NRTC, 1984). Furthermore, the 
river Is a source of numerous inorganic and organic contaminants to 
Lake Ontario, and this loading is partly associated with suspended 
particulates (Kuntz, 1984; NRTC, 1984), Transport of suspended 
materials occurs in a number of directions across the Niagara Bar 
located just off the mouth of the Niagara River (Sly, 1983) and 
particles may settle in this area interiilttently. Sediment 1n a port Ion 
of the Bar is commercially dredged by Ontario-Lake Erie Sand Ltd. under 
licence from the Ontario Ministry of Natural Resources (under the Beach 
Protection Act). Annual quantities dredged averaged 47 x 10^ m ^ dyring 
the period 1980 to 1982 (MNR data). This material Is then transported 
up-river to Queenston, to be stored In piles on shore (Figyre 1), or 
shipped to Hamilton for sand and gravel production. Consequently, there 
was concern over (i) the quality of the dredged mattrial and therefore 
its sybsequent use; and (ii) the potential for resuspenslon of 
contaminants during dredging operations and their subsequent Impact on 
other water uses, 

3.0 STUOY OBJECTIfES 

The objectives of this study were to: 

1) determine the concentration and distribution of contaminants 1n 

bottom sediments of the Sir Adam Beck Power Reservoir. 
Ii) determine the quality of commerclany dredged material from the 
Niagara River Bar. 
ill) compare the data to available guidelines and to sediments from 
nearby areas, 
iv) evaluate the need for additional investigations. 
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4.0 HATERIALS AND MiTHODS 

4 . 1 Field Sampling 

Sampling of the Sir Adam Beck Power Reservoir and dredged material from 
the Niagara Bar (referred to as "dredgeate" in this report) occurred on 
November 15, 1983. The reservoir was formed by a dyke on land 
consisting of bedrock (Lockport dolomite) overlain with i variable 
overburden of silt and clay. Additional clay was added to this to 
provide water-tightness (H-EPCO, 1961). Unfortynately, because of the 
presence of the clay liner, cores could not be taken In the reservoir 
and subsequent radiodating was not attempted. However, at seven 
locations distributed within the reservoir, the top 3 cm of one or more 
Ekman dredge grabs were composited (Figure 1). Sybsamples of this 
composite were placed 1n wide=mouth, solvent-rinsed amber glass jars 
with foil-lined caps for PCB/organochlor1ne pesticides and solvent 
extractables analyses. Clear glass jars with pylp-lined caps were used 
for metals, particle size, loss on Ignition and nutrient analyses. 
Samples were kept refrigerated until analysed. Sarapllng locations were 
visually sighted from known reference points. 

Three samples of dredgeate from the Niagara Bar region were obtained 
directly from the Queenston dredge pile by scooping up material with the 
appropriate jars at three randomly chosen locations. 



Samples of surficial bottom sediments (top 3 cm) were also collected at 
twenty-six stations in the lower Niagara River and ten on the Niagara 
Bar (Figure 1)*. This was part of a larger survey (during August, 1983] 
encompassing the whole Niagara River, which was designed to determine 
the distribution and abundance of benthic macrolnvertebrates and their 
relationship to sediment physical and chemical factors. Detailed 
methods and results will be reported in a subsequent Ministry report. 

Data on the 1983 lower Niagara River and Niagara iar sediment samples 
an included In this report for comparison to the reservoir and dredged 
material results, 



* Lower Niagara River sampling stations are shown In Figure 2, 
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4,2 Laboratory Analysis 

All anaiyses were conducted at the Ministry of the Environmeiit's main 
laboratory in Rexdale, Ontario according to the methods outlined in the 
"Handbook of Analytical Methods for Environmental Samples" (MOE, 1983), 
However, a brief outline of the analytical techniques used is provided 
below. 

Particle size distribution was obtained through a combination of dry 
sieving and measurement of the angular distribution of scattered light 
in the sub-1000 um diameter fraction using a laser particle size 
analyzer. 

Percent loss on ignition was ditirrainid gravi metrically after ignition 
at 475°C for one hour. 

Total Phosphorus levels were deterratned by conversion to inorganic 
phosphorus using a sulphuric acid and potassium persylphate digestion, 
followed by neutralization and treatment to remove heavy metal 
tnterference. Phosphorus levels were then measured colourimetrically. 

Total Kjeldahl Nitrogen was determined after sample digestion using 
sulphuric acid, mercuric oxide and potassium persulphate, fonowed by 
col our 1 metric analysis. 

Total Trace Metal analysis was performed using hydrochloric/nitric acid 
digestion and inductively-coupled plasma spectrophotometry. 

Total mercury analysis was achieved by digestion with a potassiura 
permanganate and aqua regia acid mixture and analysis by cold vapour 
flameless atomic absorption spectrophotometry. 

Solvent extractables (oils and greases) were determined by extraction 
with chloroform, followed by solvent ivaporation and weighing of the 
remaining residue. 
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Drganoch lor line pesticides and total PCBs were extracted from the 
sediment samples with acetone, backwashed with water to remove the 
acetone and then extracted from the water using methylene chloride. The 
extract was then passed through sodium sulphate prior to cleanup with 
Florisil (PR) 100/20 mesh (dry column). Extracts were then analyzed by 
|li®3 electron capture gas chromatography utilizing various coluins for 
the three extract fractions. 

All chemical concentrations are expressed on a dry weight basis. 



S.i RESULTS 

This section Includes data obtained during sampling of the Sir Adam Beck 
reservoir and the Niagara Bar dredge pile at Queenston. Since surficial 
sediment sampling also occurred in the vicinity of the permitted 
dredging area in 1983, individual station data from this study are also 
included here to permit ready comparison with the dredgeate results. 
However, data on 1983 surficial sediment samples from the lower Niagara 
River are included in a summary fashion only, in the following 
Discussion sect ion ( 6 . 1 ) . 

5.1 Sediment Physical Characteristics 

Details on particle size distribution, nutrients, loss on ignition and 
solvent extractables content of sediments from the Sir Adam Beck 
reservoir and Niagara River Bar are presented in Table 1, 

Overall, reservoir samples were dominated by fine-grained material (<62 
pm diameter), averaging 57% silt and 32% clay. However, spatially, 
there was a marked increase in the proportion (from 2% to 32%) of sand 
(62 to 1000 M"! diameter) towards the western portion (stations 5 to 7) 
of the reservoir. This was accompanied by a concomitant decrease in 
silt (from 66% to 37%). In contrast, Niagara Bar dredgeate and sediment 
samples were composed of much coarser material, averaging 93% and 88% 
sand, respectively. The relative proportion of fine-grained material in 
sediments can have a strong influence on bulk sediment chemistry, since 
smaller particles have larger adsorptive surfaces for contaminants 
(Forstner and Whittmann, 1983). 
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TABLE 1: PHYSICAL AMO CHEMICAL CHARACTERISTICS OF SEilMENTS OF THE SIR AOAM BECK POWER 
RESERVOIR AHD HIAGARA RIVER BAR. 



Station % Sand % Silt % Clay 



Total 
Phosphorus 



Sir Adam Beck Reservoir Sediment 



2.4 


65.9 


31.7 


4 


7 


63.6 


31.7 


5. 


7 


67.4 


26.9 


4 


6 


64.9 


30.5 


11 


6 


59.4 


29.0 


14 


1 


40.6 


45.3 


32 





37.3 


30.7 



0.6 
0.7 
0.9 
0.7 
0.7 
0,9 
1.1 



Total Kjeldahl 

Nitrogen 

mg/g 



1.5 
1.8 
2.0 
1.8 
1.2 
0.7 
0.6 



Loss 
on 
Ignition 



4,4 
4,7 
4.5 
4.5 
4.3 
3.4 
3,7 



Solvent 
Extractables 

pg/g 



920 

1030 

1030 

1050 

760 

290 

620 



H 



Niagara Bar Dredgeate 



88.7 


9.1 


90.3 


7.4 


93.3 


5.2 



2.3 
1.4 



0.4 
0.3 
0.2 



0.3 
<0.1 T 
<0.1 T 



iJ 

MM 



510 

450 
430 



Niagara Bar Sediment 

2374 
2375 
2376 
2377 
2378 
2379 
2380 
2381 
2382 
2383 



81.7 


15.6 


86.0 


11.6 


91.7 


7.1 


60.7 


30.9 


90.6 


9,2 


89.6 


7.4 


80.4 


15,2 


86.9 


11.1 


83.0 


15.8 


93.0 


4.3 



2.7 
2.4 
1.2 
8.4 
0.2 
1.0 
4,4 
2.0 
1.2 
2.7 



0.5 
0.3 
0.4 
0.5 
0.4 
0.4 
0.5 
0.4 
0.5 
0.3 



0,3 
0,3 
0.2 
0.8 
0.2 

<0.1 
0.2 
0.2 
0.3 

<0 , 1 



Q.9 
0.7 
0.5 
1.9 
0.6 
0.5 
0.7 
0.6 
0.7 
0.4 



40 
<10 
<10 

290 
50 
<10 
<10 
170 
<10 
40 



■.W'i 



5 .2 Nutrients 

Concentrations of total phosphorus in reservoir sediments ranged from 
0.6 to 1.1 mg/g, whereas levels in Niagara Bar dredgeate and sediments 
were somewhat lower and more uniform, ranging from 0.2 to Q.4 mg/g and 
0.3 to 0.5 mg/g, respectively (Table i). 

Total Kjeldahl nitrogen concentrations were generally higher in 
reservoir sediments (range: 0.6 to 2.0 mq/q) than In Niagara Bar 
dredgeate (<0.1 to 0,3 mg/g) and sediment (<0.1 to 0.8 



Percent loss on ignition (LOI), a measure of organic, water and 
inorganic salts content, was again higher in reservoir sediments (3.4 to 
4.7%) than in Niagara Bar dredgeate (0.3 to 0.5%) and sediment (0.4 to 
1.9%). 

Concentrations of total Kjeldahl nitrogen and percent LOI exhibited a 
trend towards lower levels in samples from the western end of the 
reservoir (stations 5 to 7). 

5.3 Inorganics 

Analytical results for the fourteen inorganics analyzed for in sediment 
samples are listed in Table 2. 

With the exception of mercury, concentrations of Inorganics were 
generally highest in the Sir Adam Beck reservoir sediments, lowest in 
Niagara Bar dredgeate and intermediate in Niagara Bar surficial 
sediments. This is evident from a comparison of the maximum 
concentrations observed in sediments from the reservoir, Niagara Bar 
dredgeate and Niagara Bar sediments. Respectively, these were: 21,000, 
2,900 and 7,900 pg/g for aluminum; 13.23, 2.76 and 9,81 pg/g for 
arsenic; 68.0, 7.3 and 40.0 fug/g for barium; 1.70, 0.22, and 0.90 |ug/g 
for cadmium; 11.0, 2.20 and 4.80 |jg/g for cobalt; 36.0, 6.4 and 
21.0 \}q/q for chromium; 32.0, 6.6 and 12.0 jjg/g for copper; 40,000, 
6,700 and 20,000 fjg/g for iron; 0.12, 0.03 and 0.22 /jg/g for mercury; 
46,0, 4.5 and 14.0 fjg/g for nickel; 70.0 , 8.4 and 21.0 |jg/g for lead; 
1.15, 0,14 and 0.96 pg/g for selenium; 1.8, <1.0 and <1.0 fjg/g for 
silver; and 140.0, 27.0 and 150.0 jug/g for zinc. 
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TABLE 2: 



CONCENTRATIONS OF INORGANICS 
AND NIA6ARA BAR 



(pg/g) IN SEDIMENTS OF THE SIR ADAM BECK POWER RESERVOIR 






Parameter 


; 


Sir 


Adam Beck Reservoir Sediment 




Niagara 


Bar Dredgeate 


1 


2 


3 


4 


5 


6 


7 


1 


2 


3 


Aluminum 


17.000 


17,000 


15.000 


15,000 


15,000 


21.000 


17,000 


2,200 


2,000 


2,900 


Arsenic 


10.00 


9.70 


9.03 


8,65 


6.43 


9.41 


13.23 


2,76 


2.20 


1.20 


Barium 


56.0 


57.0 


50.0 


49.0 


54.0 


68.0 


67.0 


6.0 


4.7 


7.3 


Cadmium 


1.60 


1,60 


1.60 


1.70 


0.90 


0.84 


1.30 


0.22 


<0.15 


<0.15 


Cobalt 


9.6 


9.6 


9.2 


9.3 


B.O 


11.0 


10.0 


2.20 


1.60 


2.20 


Chroiilum 


36.0 


34.0 


36.0 


36.0 


24.0 


28.0 


30.0 


4.5 


4.5 


6.4 


Copper 


30.0 


32.0 


28.0 


28.0 


13.0 


10.0 


6.9 


<1.0 


1.6 


6.6 


Iron 


23,000 


23,000 


22,000 


22,000 


22,000 


32.000 


40,000 


5,000 


5,000 


6,700 


Mercury 


0.11 


0.11 


0.12 


0.12 


0.06 


0.06 


0.05 


0.01 


<0.01 


0.03 


Nickel 


41.0 


38.0 


44.0 


46.0 


22.0 


17.0 


14,0 


3.7 


3.0 


4.5 


Lead 


70.0 


65.00 


59.0 


56.0 


40.0 


50.0 


59.0 


6.3 


6.2 


8.4 


Selenium 


0.73 


0.67 


1.15 


0.88 


0.25 


0.30 


,41 


0,09 


0.14 


0.09 


Silver 


1.8 


1.2 


<1.0 


1.8 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


Zinc 


130.0 


130.0 


140.0 


140.0 


90.0 


79.0 


74.0 


20.0 


23.0 


27.0 



^w 

^ 



TABLE 2 (Cont'd) 





























Paraiueter 










Niagara 


Bar Sediment 






' 




2374 


2375 


2376 


2377 


2378 


2379 


2380 


2381 


2382 


2383 


« 


Aluminum 


7,900 


3,800 


4,800 


5,900 


4,500 


3,400 


3,600 


3.700 


5,800 


2.600 




Arsenic 


5.47 


7.00 


4.04 


4.65 


3.69 


2.25 


4.84 


2.03 


9.81 


1.74 




Bariun 


30.0 


22.0 


34.0 


31.0 


21,0 


14.0 


38.0 


17.0 


40.0 


15.0 




Cadmium 


<0.20 


0.25 


<0.20 


0.40 


<0.20 


0.25 


0,90 


0.20 


0.20 


<0.20 


1 


Cobalt 


4.80 


4.70 


3.00 


4.60 


2.60 


2.40 


2.90 


2.60 


5.40 


2.00 


H 
^ 


■Chromium 


16.0 


11.0 


16.0 


18.0 


21.0 


9.0 


13,0 


13.0 


16.0 


5.2 


" 


Copper 


12.0 


<5.0 


4.6 


10.0 


S.5 


<5.0 


<5.0 


5.0 


12.0 


<5.0 




Iron 


16,000 


12,000 


18,000 


14,000 


13,000 


10,500 


13.000 


14,000 


20,000 


7,200 




Mercury 


0,19 


0.18 


0.13 


0.22 


0.09 


O.Oi 


0.15 


0.12 


0.20 


0.13 




Nickel 


13.0 


9.8 


8.4 


14,0 


7.2 


5.8 


7.4 


6.2 


14.0 


4.7 




Lead 


10.0 


14.0 


5.5 


21.0 


5.0 


10.0 


<3.0 


11.0 


<3.0 


10.0 




Selenium 


0.16 


0.16 


0.03 


0.25 


0.06 


0.06 


0.06 


0.06 


0.96 


0.44 




Silver 


<1.0 


<1.0 


<1.0 


<1,0 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 


<1.0 




Zinc 


59.0 


76.0 


48.0 


84.0 


150.0 


49,0 


56.0 


44.0 


92.0 


38,0 



.«'.ffT^-'? ■^ 



iaxtmum concentrations of Inorganics in th© three Ulagara Bar dredgeati 
samples were only 14% (mercury, selenium) to 55% (copper) of the maxima 
observed for surficial sediments from the Bar area, rtflective of the 
predoiiinance of sand in the former. Since the dredgeate and surficial 
saifiples are from the same area, it Is probable that most of the fines 
were washed out of the dredgeate during the dredging operation. 

The observed spatial trend towards higher sand and lower silt content in 
sediments from the western end of the reservoir tended to coincide with 
lower concentrations of copper, mercury, nickel, seleniyi, silver and 
zinc. 

5.4 Solvent Extractables 

Solvent extractables (oils and greases) concentrations exhibited 
considerable differences between the three groups of sediment samples. 
(Table 1). Again, reservoir samples contained the highest levels, with 
a range of 240 to 1,050 MS/i- However, contrary to the trend observed 
for most nutrients and inorganics, the Niagara Bar dredgeate (430 to 510 
pg/g) had higher concentrations than the Bar sediment saiiples (<10 to 
290 pi/g). 

As noted previously for other parameters, solvent extractables also 
exhibited a tendency towards lower concentrations at the three stations 
in the western end of the reservoir which had a higher proportion of 
sand . 

5 . 5 OrganochlorTnes 

Although sediments were analyzed for twenty-one organochlorine 
pesticides as well as total PCBs, only eight of these compounds were 
detected in one or more samples from each of the three groups of 
sediments (Table 3). Some of these, such as alpha-BHC, endrin and 
oxychlordane were only found in low concentrations 1n one or two 
samples. 



PCBs were detected In three out of seven (43%) of the reservoir samples, 
with detected values ranging from 27 to 30 ng/g. This range was smaller 
than that observed in Niagara Bar sediments (30 to 80 ng/g). 
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TABLE 3- CONCEHTRATIONS OF PCBs AND ORGANOCHLORINE PESTICIOES (ng/g) IH 



SEDIMENTS OF THE SIR ADAM BECK POWER iESERVOIR AND NIAGARA BAR 

> 




Sir Adam Beck Reservoir Sediment 




Niagara Bar 
OredgGate 


Detection 


1 2 3 4 5 6 


7 


1 2 


3 


Parameter Limit 


Total PCBs 20 


27 33 30 • • • 


'• 






Aldriu ~ 1,0 


« • • • '• m 








Dieldrii 2.0 


• ••••• 








a -BHC 1.0 


1.0 








IS -BHC 1.0 


• • • • '• • 








Z -BHC 1.0 


• ••••• 








06 -Chlordane 2.0 


• • • • • '• " 








f -Chlordane 2.0 


• •' • ' • • • 








p,p'-DDi 1,0 


25 16 3 36 2 1 








o,p'-ODT S.O 


• ••••• 








p,p'-DDD 5.0 


50 50 50 30 10 5 








p,p'-ODT 5.0 


10 15 12 10 5 • 








DMDT (Methoxychlor) 5.0 


• • • # ■ * 








c£ -End OS u If an 2.0 


• • • • • •- 








3 -EndosuTfin 4.0 


• • • •■ • • 








Endosulfan 4.0 


• • m- « • • 


^ 






sulfate 










Endrin 4.0 


• ••••• 








Hexachlorobenzene 1.0 


• •.••#• 






2.0 


Heptachlor 1.0 


• • • • • • 








Heptachlor 1.0 


• • m m m • 








epoxide 


' 








Mi rex 5.0 


• ••••• 








Oxychlordane 2.0 


• ». • • • « 









• = not detected at analytical detection limit indicated 
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HBLE 3 (Cont'd) 



'.) 








Niag 


ara Bar Sediment 








Parameter 


2374 


2375 


2376 


2377 


2378 


2379 


2380 


2381 


2382 


2383 


Total PCBs 


30 


60 




50 




75 




80 






Aldrlin 


' » 


• 




• 




• 




m 






Dieldf in 


18 


15 


15 


26 




6 




13 


10 


12 


e -BHC 






















6 -BHC 






















¥ -BHC 






















a -Chlordant 






















f -Chlordane 






















p,p'-DDE 






















o,p'-DDT 






















p,p'-DDD 






















p,p'-DDT 






















DMDT CMethoKychlof) 










•" 












a -indosulfan 




» 


















1 -Endosulfan 






















Endosulfan sulfiti 






















Endf In 


















36 




Hexach 1 orobenzene 




13 






3 




2 


12 


3 




Heptachlor 










• 








• 




Heptachlor epoxide 










* 








m. 




Mi rex 








# 


*. 








• 




Oxychlordane 






2 


• 


• 




2 




•- 





• - not detected at analytical detection liratt indicated. 
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FieiRE 3 SPATIAL DISTRIBOTION OF TOTAL PCBs ANO DDT ISOMERS AND 

METABOLITES (ng/g) III SEDIMENTS OF THE SIR ADAM BECK POiER 
RESEiVOlR 
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Reservofr sedlmiits did not contain detectable concentfations of 
dieldrin or hexachlorobenzene, ofganochlorlnes which were ubiquitous in 
Niagara Bar sediment samples (Table 3). 

The DDT metabolite p,p'-DDE was detected in 60% of bottom sediraent 
samples from the Niagara Bar at levels (1 to 3 ng/g) close to the method 
detection limit. In contrast, p,p'-ODE as well as another metabolite, 
p,p'-DDO and the parent compound p,p'-DDT were found In 85% to 100% of 
the reservoir sediment samples, reaching concentrations considerably 
above the method detection limit. The range of reservoir concentrations 
were- p,p'-DOE- 1 to 36 ng/g; p,p'-DOD- 5 to 50 ng/g; p,p'-ODT- 5 to 
15 m 



Concentrations of total PCIs and DOT compounds also had a spatial 
distribution pattern in reservoir sediments (Figure 3) siiilar to that 
noted previously for nutrients, certain inorganics and solvent 
extractables. 

Oredgeate from the Niagara Bar was essentially free of organochlorine 
contaminants, with only one sample containing hexachlorobenzine at a low 
concentration (2 ng/g). 

6.0 DISCUSSIOK 

6 . 1 Sir Adam Beck Power Reservoir 

Evaluation of Contaminant Concentrations : 

Comparison of data in Tables 1 and 2 with dredged material disposal 
guidelines In Table 4 shows that a number of reservoir surficia! 
sediment samples contained concentrations of arsenic, cadmium, chromium, 
copper, iron, nickel, lead, silver and zinc which were above the current 
Ninistry of the Environment guidelines for the safe open water disposal 
of dredgeate. However, the open water disposal guidelines are not 
really applicable to this situation, since: i) the reservoir has not 
required dredging since its construction in 1954 (J.C. Sands, Ontario 
Hydro, personal communication), and li) should dredging become 
necessary, the material 1s more likely to be disposed of on land and 
would therefore need to be evaluated on that basis. Accordingly, 
reference to the proposed MOE guidelines on the suitabnity of dredged 
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TABLE 4: ONTARIO DREDGED MATEilAL CLASSIFICATIOli GUIDELIMES 



(pg/g unless otherwise specified) 






1 


Open Water* 


Unrestricted** 


Restricted*** 


[ Parameter 


Disposal 


Land Use 


Land Use 


lA) Cadiiui 


1.0 


1.6 


4.0 


. Lead 


iO.O 


60.0 


500.0 


! Mercury 


0.3 


0.5 


0.5 


PCBs 

r 


0.05 


2.0 


2.0 


IB) Loss on IgnTtion 


6.0% 


^•1 


^■K 


on and Grease 


1,500 


m< 


« 


Total Phosphorus 


1,000 


;*M 


J^B 


Total Kjeldahl Nitrogen 


2,000 


-#>■; 


1 


2_) Arsenic 


8.0 


14.0 


20. i 


Cobalt 


50.0 


20.0 


25.0 


Copper 


25.0 


100.0 


100.0 


Chromium 


25.0 


120.0 


120.0 


Iron 


10.000.0 


35,000.0 


35,000.0 


Nickel 


25.0 


32.0 


60.0 


Silver 


0,5 


- 


• ~ ■ 


Selenium 


'«>■ 


1.6 


2.0 


Zinc 


100.0 


220.0 


500.0 


Source of guidelines: MOE (1986), draft report 


; Persaud and W" 


ilkins (1976). 


Explanation of Classifications 


[see MOE (1986) 


for additional 


details)]: 



*** 



dredged material with concentrations below these maxima may be disposed 
in open water if the site is on the Great Lakes or their interconnecting 
waterways subject to the Open Water Site Selection guidelines, 
dredged material with individual sample concentrations below the group 
lA maxima and average concentrations per stratum below the group 2 
maxima may be placed on any lands with the owner's approvil or at an 
engineered, confined in-water location; proper stibnization of material 
is required. 

dredged material with individual sample concentrations below group lA 
maxima and average concentrations per stratum below the group 2 maxima 
may be used on lands currently zoned either commercial, industrial 
or parkland or at an engineered, confined in-water location; proper 
stabilization of material is required. • 
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raaterial for land dlspQsal (Table 4) shows that the concentrations of 
cadmium (in one out of seven samples) and lead (1n two samples) were 
above the maximum levels permitted for unrestricted land use of dredged 
material and would necessitate restricted land disposal*. 

Contaminant and Particle Size Correlations: 

Although mean concentrations of alyminym, arsenic, cadmium, nickel, 
lead, seleniun, p,p'-DDT, p,p'-ODD, p,p'-DOE and solvent extractables 
were from two-to-seven-fold higher 1n reservoir sediments than 1n 
material from the lower Niagara River, only levels of DDT and Its 
metabolites were in fact significantly higher when the 95% confidence 
intervals of the means were also considered (Table 5). Fyrthermore, It 
IS important to note that fine-grained material in the less than 62 urn 
diameter size class constituted a much higher percentage of the 
reservoir samples (85%) than of the lower Niagara River sediments (26%). 
Grain size has an Important inflyence on the concentration of 
contaminants such as metals in sediments, since a large proportion of 
the fluvial transport of matter occurs 1ri the form of syspended 
material with mean grain sizes of 2 to 63 pm diameter CFo^stner and 
Whittmann, 1983), Smaller particles have a larger surface 
area-to-weight ratio- than larger diameter particles and therefore can 
potentially adsorb more contaminants. Consequently, the lower Miagara 
liver sediment samples, with their lower proportion of silts and clays 
and concomitant ly lower surface area, would be expected to contain lower 
concentrations of adsorbed contaminants than would samples with a higher 
proportion of yery fine material. 

Therefore, the relationships between selected Inorganic and organic 
contaminants** and the percent <62 |ini (silt + clay), percent <14 ym 
(fine silt + clay) and percent <4 \m diameter (clay) particle size 
classes In the reservoir and lower Niagara River samples were tested 
using a Pearson correlation matrix and transformed*** data. However, it 
must be stressed that these correlations are approximate, since they are 
based on sediment chemistry on bulk samples and not on analyses 



* See footnote, Table 4, for definition. 

** Those with quantified levels in all or most samples of both data 

sets. 
*** See footnote, Table 5 for details. 
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imm Ss SIIMIARY OF PHYSICM, AND CHEMICAL CHARACTERISTICS OF SEDIMENTS FROM THE SIR ADAM BECIt POMER RESERVOIR, 
NIAjQARA BAR AND LONER NIAGARA RIVER 
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Sir Adam Beck Reservoir 


Niagara Bar 


Lower Niagara River 


Bottom 




Bottom 


Bottom 


Paraiiter 


Sedinent 


Dredgeate 


Sed i ment 


Sediment 


AluafnuH, pg/g 


16,606 f12, 351-22, 326) 


2,337 (1,018-5,363) 


1,382 (782-21,5111 


6,788 (1,356-18,773) 


Arsenic J pg/g 


9.3 (5.5-15) 


2.0 (0.02-7.7) 


1.1 (1.9-11) 


3.0 (0.9-7.0) 


Bariuij, pg/g 


57 (11-76) 


7.9 (2.1-15) 


25 (11-58) 


35 (8.2-135) 


Cadiiui, pg/g 


1.33 (0.58-2.16) 


0.12 (-0.18-0.53) 


0.21 (-0.15-0.82) 


0.31 (-0.75-6.31 


Cobalt, pg/g 


9.5 (7.5-12) 


2.0 (0.79-1.0) 


3.1 (1.1-7.0) 


1.7 (1,6-121 


Chron i un, pg/g 


31 (21-116) 


5.1 (1.9-12) 


13 (5.1-31) 


27 (12-55) 


Copper, pg/g 


18 (a-80) 


2.1 (-0.9-10) 


5.0 (0.7-21) 


12 (3.3-10) 


iron, pg/g 


25,602 (11,289-15,872) 


5.512 (2,663-11,109) 


13,299 (6,918-25,157) 


19,313 ( 10,019-37*311) 


Mercory, pg/g 


0.09 (0,01-0.17) 


0.01 (-0.04-0.07) 


0.15 (0.05-0.26) 


0.22 (-0.07-0.59) 


Nickel, pg/g 


29 (8.3-95) 


3.7 (1.1-8.3) 


8.5 (3.1-20) 


11 (5.6-33) 


Lead, pg/g 


56 (36-88) 


8.9 (3.1-11) 


7.1 (-0.3-90) 


21 (8.5-50) 


Selenium, pg/g 


0.60 (0.98-2.6) 


0.10 (-0.01-0.23) 


0.13 (-0.11-0.13) 


0.16 (-0.57-2.11) 


Silver, pg/g 


0.89 (-0.09-3.0) 


<1.0 


<1.0 


0.60 (0.22-1.1) 


Zinc, pg/g 


109 (55-216) 


23 (12-11) 


61 (26-163) 

n 


98 (50-1961 


PCBs, ng/g 


16 (3-65) 


<20 


21 (2-191) 


65 (5-691) 


Dieldrin, ng/g 


<2 1 


<2 


10 (2-11) 


10 (1-76) 


ct-BHC, ng/g 


0.6 (0,2-2) 


<1 


<1 


0.7 (-0.2-31 


p,p'-DOT, ng/g 


7 (0.7-36) 


<5 


<S 


<§ 


p,p'-DDD, ng/g 


18 (0.2-302) 


<5 


<5 


<5 


p,p'-DDE, ng/g 


6 (-0.6-136) 


<1 


1 (0.6-2) 


0.9 (-0.1-3) 


(X-Endosulfan, ng/g 


<2 


<2 


<2 


3 (-0.7-11) 


Endrin, ng/g 


<1 


<1 


3 (-0.3-20) 


2 (0.3-7) 


Hexachlorobenzene, ng/g 


<1 


0.9 (-0.7-10) 


5 (2-23) 


9 (0.3-80) 


Mi rex, ng/g 


<5 


<5 


<5 


3 (0.03-17) 


Oxychlordane, ng/g 


<2 


<2 


1 (0.5-2) 


<2 


Solvent Extractables, pg/g 


755 (212-2,351) 


162 (316-675) 


21 (0.7-699) 


130 (7.1-2,128) 



UmiS (cont'd) 






ParaBeter 


1 
§tr Adiaa Beck Reservoir 


Niagara Bar 


Lower Niagara River 


Bottoa 
Sed i neot 


Dredgeate 1 


BOttOR 

SediBent 


BottOB 

Sediment 

1 


Total Phosphorus, Bg/g 

Total KJeTdahl Nitrogen, ng/g 

% Loss on Ignitioiri 

% <62 pn . 

% <14 PB 
% <4 PR 


i.8 (0.*l-1.2) 
1.3 (0.2-3.3) 

4.2 (3.1-5.5) 

85.0 (50.5-100) 
52.0 (32.4-71.3) 
26.6 (15.3-39-7) 


0.3 (-0.07-0.8) 
0.1 (-0.03-0.9) 

0.4 (0.1-0.9) 

5.5 (1,7-11.2) 
3.3 (0.7-7.8) 

1.6 (0.4-3.6) 


0.4.(0.3-1,6) 
0.2 (-0.1-0.8) 

0.1 (0.1-1.7) 

18.5 (12,2-89.9) 
4.9 (0.0008-18.5) 
1,5 (0.001-6.2) 


.0,5 ('0.3-0^.8.) 

0.4 l-O'. 11-1.01 ' 

i 
! 1,1 (0.. 29-2, 4) 1 

26.1 (1.2-67.5) 
15.5 (6.04-50.3) 
6.4 (0.001-24.1) 


Nunber of SaBples 


7 


J 


10 


26 



NOTE: (1) Concentrations are geoBetrIc means and 95% confidence intervals (in braclcets) derived usfng the transforBatton Z = In (K+1)i 
percentages and their 95% confidence intervals were derived using the transforBation 2 s arc sim/xT 



(2) inly those organochlorlnes detected in one or more data sets (see Table 3) ire summarized here. 



performecl on each of the above size ffactions. Nevertheless, comparison 
of Tib lis 6 and 7 indicates some significant (p<0.05) differences in the 
parameter correlations for the two saiiple groups. 

Reservoir sediments exhibited significant (p<0,05) positive correlations 
among cadmium, chromium, copper, mercyry, nickel, lead, selenium and 
zinc levels and between some of these and % LOL, total Kjeldahl nitrogen 
and solvent extractables concentrations (Table 6). Such correlations 
among contaroinants are indicative of a common point source: namely, the 
waters diverted for hydro-electric purposes which may receive 
contaminants from upstream sources. It is nQteworthy that previous 
(1981-1982) Ministry monitoring (NRTC, 1984) found that certain upstream 
Ontario municipal and industrial dischargers to the Chippawa Channel, 
Wei land River or Qyeenston-Chippawa Power Canal exceeded arbitrary 
loading levels set for chromium, copper, iron, nickel, lead and zinc. 
Monitoring by MOE in 1982 also detected elevated mean concentrations of 
copper and chromium in Ontario waters of the lower Chippawa Channel, as 
well as elevated levels of chromium, lead, nickel, selenium and zinc in 
Cladophora collected in this area (NRTC, 1984). These occurrences may 
be related to nearby tributary Inputs, since a 1983 MOE survey detected, 
at the mouths of some Ontario tributaries to the upper Niagara River- 
elevated concentrations of- cadmium, chromiym, lead, mercury, nickel and 
selenium in suspended particulates; concentrations of copper and zinc 
above the Provincial Water Quality Objectives in water sainples; and 
bottom sediment concentrations of chromium, mercory, nickel, lead and 
zinc above the MOE guidelines for safe open water disposal of dredgeate 
(Hart, 1986). 

The strong positive correlation of Inorganics with % LOI and solvent 
extractables is probably due to the fact that, in addition to particle 
size and surface area, sediment organic content has an important 
Influence on the partitioning of contaminants onto particulate matter 
(Forstner and Whittmann, 1983). However, fewer of the sediment 
contaminants were strongly associated with particle size. These were* 
copper, mercury, nickel, zinc and % LOI with % <62 mm; and aluminum and 
cobalt with % <4 m- The correlation of aluminum with the % <4 pm is 
due to the fact that this element is a major constituent of clay 
minerals (Forstner and Whittmann, 1983). However, the poor correlation 
of many of the above-noted contaminants to this or other size fractions 
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TABLE 6; GORRELA.TION MATHIX OF liNTERRELATIIINSHIPS BEnEDI VMIABLES IN BOTTOM SEDIMENTS OF THE SIR AUM BECK POMIR lESlMilR 



¥• 



ig 



Nf 



Pb 



Zn 



% LOI 



Sol. Ext, 



PCBs 



%<fi2 



%<n 



%<t 



i 

to 



A1 


1 .00000 




' 




























As 


.39«l«l5 


1.00000 




























* 


Ba 


.Btlia 


.56255 


1.00000 










^ 


















Cd 


-.HTSSO 


.31646 


-.57058 


1 .00000 


























Co 


.84925 


.6S753 


.68241 


-.05499 


1.10000 
























Cr 


-.20557 


.38923 


-.44174 


.92723 


.23577 


1.00000 






















Cu 


-.42182 


-.25911 


-.76809 


.75157 


-.25302 


.73983 


1.00000 




















Fe 


.60163 


.72320 


,««84i| 


-.39123 


.138118 


-.31105 


-.84374 


1.00000 


















Hg 


-.4380(1 


-.11487 


-.77151 


.84457 


-.1404S 


.86343 


.96220 


-.73966 


1 .00000 
















Nl 


-.5267*1 


-.27403 


-.85167 


.78378 


-.29953 


.76755 


.97959 


-.84707 


.98156 


1.00000 














Pb 


.09133 


.67925 


-.02912 


.79438 


.42886 


.86158 


.51307 


.00389 


.581(20 


.46903 


1.00000 












Se 


-.4fl2<i6 

-.52665 

-.71316 

.26830 


.11228 
-.21639 
-.36102 

.5661 a 


-.69410 

-.83514 

-.85369 

.56306 


.88076 

.82024 

.71195 

-.27173 


-.05821 

-.2I372 

-.62643 

.fl2987 


.90913 
.79906 


.71697 

.97853 

.17081 

-.71682 


-.514111 

-.81600 

-.85219 

.80765 


.91338 

.98985 

.80143 

-.54408 


,85366 


.62823 1 
.51249 
.30999 
-.10428 - 


OOOOO 
88035 


1.00000 

.87012 

-.61432 


1.00000 
-.66131 


1,00000 




Zi 


.99663 




t LOI 


.51198 
-.21111 


.86457 


65703 
18917 




IP 


-.66081 




TKN 


-.63202 
-.83956 


-.38913 
-.15099 


-.8986S 
-.81828 


.71600 
.81520 


-.45215 
-.61392 


.61(417 
.58372 


.95114 
.75483 


-.89705 
-.68335 


.93026 


.96499 
.78800 


.33112 
.39526 


80863 


.96673 
.80507 


.92913 
.94412 


-.61601 
-.47S5S 


1 .00000 


Sol. Ext. 


.74549 


70792 


.83480 


PCBs 


-.1«J151 


.10673 


-.33743 


.61514 


-.03114 


.63284 


.74235 


-.47656 


.68834 


.65464 


.61311 


64227 


.68553 


.63416 


-.34000 


.66915 


%<62 


-.18a<l>l 
.69150 


-.37536 
-.10632 


-.64359 
.21111 


.52615 
-.17868 


-.14292 
.55676 


.60218 
.12596 


.93858 
.25437 


-.S3719 
-.132? 7 


.86208 


.89550 


.40057 
,15740 - 


615i1 
03254 


,87395 
.12697 


.70429 
-.18523 


-.11010 
-.33374 


.13539 


%<U 


.18611 


.15319 


.04316 


m. 


.13259 


.15507 


,73113 


-.63232 


.75595 


-.34370 


-.48167 


. 52198 


-.48110 


-.54480 


-.19103 - 


53721 


-.56139 


-.80053 


.26926 


-.63286 



.55362 1 .00000 

.51382 .66528 1.00000 

'.43416 .23059 .53089 1. OOOOO 

■■ 92504 -,37696 -.21356 ,70517 l,OOWi 



MTE: Underltned valuis are sisnlf leant st the 95% confidtnce level (^.05 = 0.754; 5 d.r.|. 
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K3 
I 

















































M 


As 


Ba- 


m 


Co 


Ci- 


Di 


Fb 


Hg 


Nl 


Pb 


Se 


ZH 


X LOI 


TP 


TKN 


SoI.EKt. 


PCBs 


%<62 


K14 


%<M ■ 


m 


1 .00000 






-^ 




































As 


.89638 


1.00000 








































Ba 


.78112 


.731117 


1 .00000 








' 






























Cd 


.M987 


.1775*1 


.52623 


1.00000 




































m 


.97663 


.S6i46l 


.7«00 


.50472 


1.00000 


































Cr 


.181 BO 


.26567 


.12398 


.13815 


.10195 


1.00000 
































Cu 


.21791 


.17018 


.14348 


.46321 


.23565 


.05851 


1 .00000 






























¥m 


.62039 


.6iJ52ii 


.52616 


.18211 


.57283 


.48377 


-.03034 


1.00000 




























m- 


-,.06S.13: 


-.07162 


-.16669 


-.15356 


-.14078 


.18029 


-.07516 


.12473 


1.00000 


























m 


.mmi 


.82258 


.82251 


.51793 


.92372 


.16887 


.19950 


.48837 


-.16968 


1 .00000 
























Pb 


-.580 §3 


-.51516 


-.49838 


-.75405 


-.52977 


.00559 


-.26979 


-.23758 


.01511 


-.55349 


1.00000 






















is 


.21177 


.03923 


.20676 


.25697 


.19248 


.12828 


.14498 


-.07369 


.02900 


.43383 


-.13193 


1.00000 










f 










In 


-.07262 


.tOM? 


.38046 


.22402 


-.16532 


,40297 


-.12935 


.24896 


.15070 


-.00620 


-.15000 


.05181 


1 .00000 


















% LOI 


.61376 


.<I87(I3 


.42832 


.41310 


.61558 


.16289 


.33363 


.19530 


-.iOili 


.72651 


-.28927 


.77595 


-.15131 


1.00000 
















TP 


-171«»5 


.36057 


.30137 


.20657 


.44289 


.53933 


.28386 


.46924 


-.26715 


.48294 


-.03613 


.37830 


-.09156 


.50527 


1 .00000 














IKM 


.61332 


.41353 


.51892 


.42121 


,62338 


,03979 


.34289 


.12847 


-,1341«i 


.74294 


-.31864 


.73736 


-.09825 


.91939 


.45566 


1.00000 












Sol. Ext, 


.3181% 


.16319 


.35880 


.36800 


.448111 


-.21550 


.27812 


-.11619 


-.11711 


.45695 


-.32558 


.39304 


-.15827 


.53776 


.06190 


.61827 


1.00000 










PCBs 


-.3i233 


-.38939 


-.06*71* 


.14157 


-.28626 


-.14346 


.05161 


-.15119 


-.03488 


-.16485 


-.04745 


.36498 


.24522 


.02034 


-.03318 


.05792 


.1«564 


1.00000 








%<62 


.83601 


.69112 


.61945 


.55542 


.85165 


.00779 


.31805 


.36622 


-.10685 


.86808 


-.56868 


.53240 


-.20841 


.82780 


,39276 


.79827 


.55015 


-.02486 


1 .00000 






%<11 


.93519 


.84590 


.71518 


.59981 


.95137 


.08468 


.25013 


.57279 


-.11653 


.88773 


-.61068 


.22035 


-.11259 


.61141 


.33601 


.63553 


.44985 


-,18062 


,90706 


1.00000 




%<H 


.93881 


.85531 


.71914 


.56405 


.95015 


, Of 431 


,11667 


.59320 


-.10969 


.18577 


-.5838? 


.l7nT 


-.13381 


.59152 


,32159 


^58103 


.41201 


-.21894 


,87688 


.99045 


1.00000 



NOTE: Undprllned values are stgnlfietiit at the 95% cofjftdtnce level (p^,05 - 0.388; 24 d,f,), 
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Is perhaps related to the hydrologlcal eharacteri sties of the reservoir 
(see pg, 31). As a result, the sediments pumped into the reservoir 
along with the water, which are mainly "fines", are not subjected to the 
sorting processes typical of a riverine system. 

The strong negative correlation of iron with most metals was unusual, 
considering the tendency of most metals to co-precipitate with ferric 
oxides (Mydroch, 1985). However, iron did exhibit a significant 
positive correlation with barium and total phosphorus concentrations 
(Table 6). For the latter, this may be related to the immediate 
upstream municipal Input of phosphorus (Niagara Falls WPCP) to the 
Qyeenston-Chippawa Power Canal and to the higher molar adsorption 
coefficient of iron oxides for phosphorus than for metals (Lum and 
Gammon, 1985). 

Significant positive correlations were also evident among many of the 
lower Niagara River sediment parameters. However, this group (ie. 
arsenic, barium, cadmium, cobalt, iron, nickel, % LOI, total phosphorus, 
total Kjeldahl nitrogen and solvent extractables) (Table 7) is somewhat 
different from the intercorrelated contaminants identified previously 
for the reservoir. The strong positive correlation between levels of 
the above contaminants with those of aluminum and the % <62 Mm, % <14 pm 
or % <4 pm size fractions reflects the fluvial transport of fine-grained 
(clay) material with adsorbed contaminants derived from upstream 
sources. Mean concentrations of the above-noted lower river 
contaminants were therefore normalized to the mean percentage of <62 pm 
material in Sir Adam Beck reservoir sediments (85%) to provide a common 
basis for comparison of the two sediment data groups. After this 
procedure, only the mean concentrations of cadmium and selenium were 
still marginally (15% to 20%) higher in reservoir sediments than in the 
lower Niagara River (Table 8). Reservoir solvent extractables still 
remained about two-fold higher, but in view of the magnitude of the 95% 
confidence limits associated with these values (Table 5), are unlikely 
to have been significantly higher. Furthermore, as noted previously, 
this mathematical "correction" of bulk sediment chemistry can only be 
approximate, since chemical analyses were not performed on individual 
sediment size fractions. Nevertheless, the latter has been done for 
sediments from other locations, and Mudroch (1985) found that the 
highest concentrations of metals were indeed associated with various 
size fraction groups of <63 pm diameter. 
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TABLE 8 : COMPARISON OF SELECTED CHEMICAL PARAMETERS IN BOTTOM 
SEDIMENTS OF THE SIR ADAM BECK POWER RESERVOIR AND THE 
LOWER NIAGARA RIVER AFTER GRAIN-SIZE CORRECTION 



-,, 


Sir Adam 


Lower* 


Parameter 


Beck Reservoir 


Niagara River 


Alumlnuin, pg/g ! 


16,606 


22,106 


Arsenic, pg/g . { 


9.3 


9.7 


iariumj pg/g 


57 


114 


Cadroiuiii, pg/g 


1.33 


1.10 


Cobalt, pg/g 


9.5 


': 15 


Iron, pg/g 


' 25,602 


62.994 


Nickel , pg/g 

1 


29 


46 


Selenium, pg/g 


0,60 


0.52 


Solvent Extractables, pg/g 


755 


423 


Total Phosphorus, mg/g 


0.8 


1.6 


Total KJildahl Nitrogen, mg/g 


t*i 


1.3 



* Mean lower Niagara River concentrations (Table 5) noriiaTized to the 
iame mean % <62 pm (85%) as Sir Adam Beck Reservoir sediments. 
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Significance of DDT : 

DOT was widely used in Ontario (particularly in the Niagara peninsula 
fruit belt) prior to 1970. However, due to its persistence and harmful 
effects In the environment, use of this pesticide has been prohibited 
since the beginning of 1970, except for a few specialized insect and 
rodent control applications. The insect control uses (cutworra control 
in tobacco and tarnished plant bug control in apples) were prohibited in 
1972 and 1973, respectively. Since July 1974, DDT use has been 
restricted to the control of bats and mice by permit only (MOE, 1976; 
MOE, 1982). Amounts used for this purpose have been relatively small, 
and are unlikely to contribute losses to the environment, since the 
material Is applied in enclosed spaces, such as attics. For example, 
during the period 1980 to 1983, the maximum amounts for which permits 
were held in the Niagara Region were about 16 kg (6 kg 1n 1981; 10 kg in 
1983 - J. Miller, MOE, personal communication). 

Although many years may be required for the breakdown of DDT in soils 
(Verschueren, 1983), its rate of degradation in aquatic sediments can be 
considerably more rapid. Muir and Yarechewski (19^^) found that the 
half-life* of DDT in pond and lake sediments ranged from 86 to 134 days 
and was generally proportional to the teraperature and redox potential of 
the sediments. Therefore, the rate of degradation of DDT on suspended 
materials or at the sediment-water interface would likely be slower than 
in subsurface or anoxic sediments. 

Consequently, the detection of p,p'-DDT in addition to its metabolites 
p,p'-DOD and p,p,'DDE in reservoir sediments was unexpected and 
indicates ongoing inputs from upstream areas. Furthermore, these 
organochlorlnes were also found at elevated levels in caged clams 
stationed at the south shore of the reservoir, just east of the 
inlet/outlet (opposite station 3) in 1981. As in the reservoir 
sediments, p,p'-DDO was predominant in clam tissues, followed in 
decreasing order by p,p'-DDE and p,p'-DDT (NRTC, 1984). In contrast, 
fish (yellow perch) captured in the reservoir in 1982 contained p,p'-DOE 
and p,p'-DDO, but no p,p'-DDT (A. Johnson, MOE, personal coiimunication). 
These fish were suitable for unrestricted consumption by huraans 
(MOE/MNR, 1986). In view of the low aqueous solubility of these 



time required for 50% loss of original compound. 
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Cdntamlnants (Vefschuerenj 1983) it is probable that a pfoportlon of 
their total loading to the reservoir was associated with fine 
particulate matter (Cho1 and Chen, 1976). Combined with a slower rate 
of degradation on suspended particulates, this may explain the detection 
of DDT in clam tissues but not in fish since the former are filter- 
fieders and would have a greater exposure to both aqueous and 
part 1 cul ate-assoc i ated contami nants . 

At present, it is difficult to say whether inputs of DDT and Its 
nitabolites to the reservoir are related to recent or past activities. 
For example, Frank et £]_. (1981) calculated an annual average loading of 
about 73 g/year for DOT and its metabolites from five Ontario 
tribotariis to the upper Niagara River during the 1974 to 1977 period. 
This parti cu late-associated loading was largely ascribed to past 
agricultural uses of DDT 1n the tributaries' watersheds. Samples of 
water and suspended particulates collected by Environment Canada also 
indicated sources of DDT to the Chippawa Channel In 1981 (NRTC, 1984). 
DDT and its metabolites were also detected in municipal water pollution 
control plant and urban runoff samples collected in the Fort Erie, 
Wei land and Niagara Falls, Ontario areas during 1981 and 1982 (NRTC, 
1984). Finally, a 1983 MOE survey also detected DDT and Its metabolites 
In suspended particulates and bottom sediments of some Ontario 
tributaries to the Chippawa Channel and Wei land River (Hart, 1986). The 
above information suggests that past agricultural use and subsequent 
runoff may still account for the detection of DDT in tributary and urban 
runoff, although illegal use may also be Iraplieated, 

Present inputs or losses of DDT to the aquatic environment may also 
result from the use of the pesticide dicofol (Kel thane), which can be 
contaminated with DOT residues (Moore, 1984). Current formulations of 
this chemical contain about 2.5% DDT residues*, whereas older material 
(prior to January, 1985) probably contained between 5% and 6% 
(R, Larkin, Rohm and Haas, Philadelphia, personal communication). An 
estimated 2100 kg of this miticide were used in the Niagara Region 
during 1983 (W. McQee, Ontario Ministry of Agriculture and Food, 
personal communication). Unfortunately, the potential contribution of 
dicofol use to DDT detections cannot be substantiated at this time, 
since reservoir samples were not analyzed for this compound. 



* DDT residues includes the o,p' and p,p' isomers of DDT, ODD, DDE and 
extra-ch 1 or i n e DDT . 
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Spatial Distribution of Contaminants : 

The tendency towards somewhat higher concentrations of certain 
contaminants (copper, mercury, nickel, selenium, silver, zinc, solvent 
extractables, PCBs, DOT and its metabolites) in sediinents from the 
eastern portion of the reservoir coincided in many instances with a 
higher proportion of fine-grained material. Although this area is 
closest to the point of input or withdrawal (Figure 3) and one would 
expect sediments furthest from this point (stations 5-7) to have the 
highest proportions of fine-grained material, it is possible that the 
morphometry and cyclical use of the reservoir combine to counteract 
this tendency. During periods of high use, water pumped up into the 
reservoir over a period of 8 hours (eg. 11 p.m. - 7 a.m.) is withdrawn 
over the following 16 hours (eg. 7 a.m. - 11 p.m.). This means that 
fine particulate sediments in the influent water could only have a 
limited time to settle out of the water column enough to be beyond the 
InfTuence of the drawdown, and so a certain proportion of these 
particles may leave the reservoir again and be carried into the lower 
Niagara River via the Sir Adam Beck power plant tai Traces. Furthermore, 
the eastern end of the reservoir is considerably deeper than the western 
portion (Figure 4). Since the water level, which normally varies about 
7.5 m (ie. from about 625' to 600' on Figure 4) during a cycle can vary 
up to 9 m (J.C. Sands, Ontario Hydro, personal communication), less than 
half the area is submerged at minimum water level (H-EPCO, 1961), This 
suggests that fine-grained material settling out in the western (and 
particularly the south-western) end would be more susceptible to 
disturbance and resuspension thin in the eastern portion, particularly 
when withdrawal of water coincides with intense wave activity. In such 
cases, resuspended fines with their associated contarainants may reach 
the lower Niagara River via the power plant tailraces, or may resettle 
In the reservoir if time permits. 

Over the past few years, the hydro-electric capacity of the reservoir 
has not been utiliztd as frequently as originally intended (J.C. Sands, 
Ontario Hydro). This would allow increased settling time of 
particulates and possibly decreased contributions to the lower Niagara 
River. 
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FieytE 4 SIR ADAM BECK POWER RESERfOIR TOPOGRAPHY. 

(Adapted from 1957 survey map, coyrtesy of Ontario Hydro, Design and DeveTopment-Generation Division, 
Oeotectinology and Hydrology Engineering iepartment. Contours Indicate elevation, in feet). 
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6 , 2 Niagara Bar Dredgeate 

iutrients, inorganics, solvent extractables and PCBs in dredgeate 
sampled at the Queenston dredge pile were considerably below the current 
MOE guidelines for the open water disposal of dredgeate (coinpare Tables 
1 to 3 and 4). 

With the exception of lead and selenium, mean concentrations of 
inorganics in dredgeate saiples were 50% or less than the corresponding 
levels 1n fresh surficial sediments collected from the Niagara Bar. 
They were also considerably below the mean concentrations observed In 
bottom sediments from the lower Niagara River and the reservoir (Table 
5). 

Hexachlorobenzene was the only organochlorine detected (at 2 ng/g in 1 
of 3 samples) in dredgeate from the Niagara Bar, This compound was 
detected more frequently and at higher levels in sediments from the 
lower Niagara River and Bar (Tables 3 and 4). Dieldrln, p,p'DDE and 
PCBs were detected in samples of bottom sediment from the Bar but not in 
dredgeate. BHC, mirex and alpha-endosulfan, organochlorine pesticides 
that were detected in sediments from the lower Niagara River in 1983 
(Table S), were not found in either sediment or dredgeate samples from 
the Niagara Bar. 

The generally lower concentrations (and in certain instances, absence) 
of inorganic and organochlorine contaminants in Niagara Bar dredgeate 
samples than in fresh surficial sediments from the Bar coincides with 
the low proportion of fines in the dredgeate (average: 5.5% in the <62 
pm diameter fraction) as opposed to the actual sediments (average: 
18.5%). Since most contaminants are associated with fine particles, 
their lowered concentrations in dredgeate suggests some loss of fine 
materials during the dredging or storage stages. Such losses (eg, 
dewatering of dredgeate on board the vessel) may have local impacts on 
water quality. 
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7.0 COflCLySIONS AMD RECOMMENiATIONS 

1 . 1 Sir Adam Beck Power Reservoir 

The presence of elevited concentrations of Inorganic contaminants, as 
ntll as the pesticide DDT and its raetabolites, In the Sir Adam Beck 
lower Reservoir sediments Indicates the influence of upstream sources. 
Since the reservoir's clay liner precluded coring, it was not possible 
to determine any temporal trends in loadings to the reservoir* 
Nevertheless, the contaminants were identified in surficlal layers, 
indicative of either relatively recent or ongoing Inputs, 

The exact sources of these contaminants Is unclear at present. However, 
since the water in the reservoir is mainly derived from the 
Chippawa-Grass Island Pool above the Horseshoe Falls, Inputs to the 
Ontario mainland shore of the Chlppawa Channel (point sources and 
tributaries) are implicated. In contrast, the majority of Wei land and 
Niagara Falls area point source discharges are included 1n the flow of 
the Queenston-Chippawa Power Canal, most of which goes directly to the 
Sir Adam Beck power stations and is not stored in the reservoir (see 
Figure 3), 

Recommendation 1 : 

Nonltoring should be instituted for the identified contaminants to 
determine their current levels in waters entering and leaving the 
reservoir (i.e. during storage and drawdown) and to allow a calculation 
of net loadings to the lower river under the current operating regime 
and their significance relative to other point sources. This should 
include whole water and suspended solids sampling and analysis. 

Similar monitoring should also be carried out on waters of the 
Queenston-Chippawa Power Canal and the Chippawa-Grass Island Pool 
to determine their relative contributions, and possibly the sources of 
contaminants to thera (see Recommendation 3). 
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Recommendation 2 : 

Further work should be undertaken to determine the mobility of the 
reservoir sediments, their associated contaminants, and the potential 
magnitude of contaminant loadings to the lower Niagara River via the 
power plant tailraces should resuspension occur (i.e. are the reservoir 
sediments currently a sink, a source or both?). In view of the 
tnabllity to take core samples, it may be worthwhile to deploy sediment 
traps within the reservoir. 

Recommendation 3: 



Available data on the Welland River and Chippawa Creek, and on effluent 
characteristics from Fort Erie, Niagara Falls and Wei land, Ontario 
point sources should be reviewed. If necessary, additional effluent 
samples should be obtained to identify the major contributors of the 
identified contaminants and to assess the need for additional 
restrictions. In line with the Ministry's recently-formulated municipal 
and industrial strategy for abatement (MISA) of point source discharges 
, 1986). 



Recommendation 4 : 

In addition to poss.ibTe effluent work, studies should be conducted 
within the watershed (e.g. Ontario tribytaries to the upper Niagara 
River and to the Wei land River) to aid In identification and elimination 
of sources of DDT. This would include a review of pesticide use, of 
tribytary data and if necessary, sampling of whole water and suspended 
particulates (centrifugation) . It is suggested that chemical analysis 
include dicofol. 

7 . 2 Niagara Bar Dredgeate 

The low concentrations of nutrients, inorganics, solvent extractables 
and virtual absence of organochlorines in dredgeate samples from the 
Queenston sand piles reflects the low proportions of fine-grained 
raaterial. Contaminant concentrations were also well below available 
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MOE dredged material disposal guidellnis, Indicating relatively clean 
material. However, it should be noted that there are currently no 
available guidelines specif ieally dealing with contaminant 
concentrations In dredgeate used for sand and gravel. 

Fresh surfielal sediments obtained from the Niagara Bar in the vicinity 
of the dredging area contained higher proportions of fine-grained 
material (silts and clays) and associated contaminants. Some of the 
latter (eg. PCBs, iron) exceeded available dredging guidelines, which 
would preclude their open water disposal, while others (eg. 
hexachlorobenzene) have no currently available gyidelines. These 
particulate-associated contaminants may become available to biota 
through resuspension during the dredging and dewatering operation. 

Recommendation S : 

Monitoring of the sediment dredging operation on the Niagara Bar should 
be undertaken to ensure that there are no adverse effects on local water 
quality. This could be accomplished by the collection of syspended 
particulates in any turbidity plumes detected. 
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